1. Introduction {#s0005}
===============

Soil-transmitted helminths (STH) infection is common in developing and tropical countries. It is estimated that \>1 billion people or one-sixth of the world\'s population suffer from STH. The most common STH recorded in humans are *Ascaris lumbricoides*, *Trichuris trichiura* and hookworms (*Necator americanus* and *Ancylostoma duodenale*) ([@bb0125]). In the Philippines, 25% of Filipinos are reported to be infected with these parasites. Of these, children are the most affected ([@bb0020]). STH are transmitted due to poor hygiene practices through accidental ingestion of contaminated food, soil, and fomites. Parasites from soils may infect humans and other animals through accidental ingestion of contaminated soil and eating improperly washed vegetables ([@bb0085]; [@bb0095]). Moreover, there have been increased reports of zoonotic parasites in animal wastes which are commonly used as fertilizers on crops ([@bb0005]; [@bb0090]; [@bb0025]).

There are two farming systems practiced in the Philippines - organic and conventional; although diversified integrated farming is also being promoted. Organic farming commonly uses animal manure as fertilizers while conventional farming uses chemical fertilizers. Conventional farming produces higher yields due to higher inputs, however, due to extensive use of pesticides and chemical fertilizers, this type of farming may put the environment at risk. Since people are now more concerned with health and environmental issues, organic farming is on the rise. Furthermore, the Philippine government has placed a huge budget to promote organic agriculture programs through the Department of Agriculture ([@bb0065]).

In the Philippines, some studies reported the contamination of parasites in soils from selected urban and rural areas in Southern Luzon ([@bb0100]; [@bb0045]). However, there are still no reports regarding parasite contamination in soils from agricultural farms and the comparison of parasite contamination between organic and conventional farms. There are also no reports about the association of farming practices with the extent of parasite soil contamination in agricultural lands. Thus, this study generally aimed to determine the extent of contamination of soil with STH eggs and determine the association between some farming practices and contamination rate in soils from selected organic and conventional farms in the Philippines.

2. Materials and methods {#s0010}
========================

2.1. Study site and sampling design {#s0015}
-----------------------------------

The study sites were selected organic and conventional farms from two provinces in the Northern and Southern Luzon, Philippines that are known produce and supply large quantities of fresh produce within the regions. ([Fig. 1](#f0005){ref-type="fig"}). The present study includes a total of 20 farms -- 14 from Northern Luzon (7 organic and 7 conventional farms) and six from Southern Luzon (3 organic and 3 conventional farms) -- selected from the list provided by the respective Provincial Agricultural Offices (PAO) of the two regions. Farms were chosen based on the following criteria: (a) must be within the range of 300 square meters to 1000 square meters (b) must be practicing organic or conventional farming, (c) must have commercial purposes of farm produce, (d) must include green salad leafy vegetables such as lettuce, and (e) must have consent from the farm owner.Fig. 1Map showing the collection sites in Northern and Southern Luzon Provinces, Philippines.Fig. 1

Soil samples were collected from the vegetable plots in the farms using systematic random sampling. The collection period was done during dry season (January to May). The number of samples collected from each farm were based on the size of the vegetable farming area. Soil samples were collected in different five points per 100 sq. meters ([Fig. 2](#f0010){ref-type="fig"}). The farm was divided into plots measuring 1 sq. meter and were numbered from 1 to 100. Samples were collected from plots with the number randomly generated by a scientific calculator. Soils were collected from each sampling point at depth 1 (0-5 cm) and depth 2 (6-10 cm). Soils were collected near vegetable plots which were reported as plowed or cultivated every after harvest. Each soil sample was placed in a polyethylene bag, labeled, sealed and brought to the laboratory.Fig. 2Systematic random sampling of 5 points in a 100 square meter farm area.Fig. 2

2.2. Soil collection and processing {#s0020}
-----------------------------------

Soil samples were processed through modified flotation technique ([@bb0040]; [@bb0045]). Briefly, the soil samples were air-dried for 24--48 h and sifted using a 150-um sieve. Three grams of sieved soil was placed in a 10-ml test tube and washed with 8 ml distilled water by mixing using a vortex mixer (Iwaki, Japan). The suspension was then centrifuged for 10 min at 1800 rpm. The supernatant was decanted and 8 ml of sucrose solution (1.2 specific gravity) was added to the sediment in the tube and mixed thoroughly using a vortex mixer. The tube was centrifuged for 10 min at 1800 rpm. After centrifugation, sucrose solution at 1.3 specific gravity was slowly added up to the brim of the tube using a 10-ml syringe until an upper meniscus was formed. A cover slip was carefully placed on the meniscus to collect the topmost portion of the sucrose suspension. The slides were examined for presence of STH eggs using compound light microscope (Nikon, Tokyo) at 100× and 400× magnification. Egg sizes were measured using an ocular micrometer ([@bb0100]; [@bb0070]).

2.3. Survey of farming practices {#s0025}
--------------------------------

Survey interviews of the farmer or farm owners were conducted to document the management and practices in the farms. The survey interviews were done to determine the association of Knowledge, Attitudes, and Practices (KAPs) in farming with parasite contamination. The questions included were as follows: use of manure as fertilizer, sources of wash water for animals and crops, hygiene and sanitation practices, and the presence of animals in or near the farm. All the 20 farms participated in the survey. This documentation would provide important information on the potential risk factors of soil contamination in farms. Ethical clearance was obtained from the Institutional Ethics Committee. Informed consent was given and signed by proprietors prior to collection of samples and conduct of survey interview. Questionnaires were pre-tested prior to application in the field.

2.4. Data analysis {#s0030}
------------------

Soil contamination rate (%) was calculated as the number of positive samples divided by the total number of soil samples multiplied by 100. Mean density was calculated as the total number of parasites eggs divided by the total number of positive samples. Independent sample *t*-test was used for the comparison of contamination rate between organic and conventional farms, between samples from the two sampling sites and between the two depths (depth 1 and depth 2) of soil. Point-Biserial correlation was used to determine the association of the contamination rate in soil with the farming practices. Data were analyzed at 95% level of significance.

3. Results {#s0035}
==========

A total of 600 soil samples from selected organic (*n* = 10) and conventional (n = 10) farms in Northern and Southern Luzon, Philippines were collected and examined for the presence soil-transmitted helminth (STH) eggs. Of the 600 soil samples, 248 were found positive for STH (41.33%). Parasites recovered were *Ascaris* spp., *Trichuris* spp., hookworm/strongylid, *Toxocara* spp., and *Taenia* spp. with rates of 39.0%, 26.0%, 22.0%, 4.0%, and 3.0%, respectively. Other unidentified eggs had rates of 6.0% ([Fig. 3](#f0015){ref-type="fig"} and [Fig. 4](#f0020){ref-type="fig"}).Fig. 3Proportion of STH eggs found in farm soils from selected farms in Northern and Southern Luzon provinces.Fig. 3Fig. 4STH eggs found in soil farms from Northern and Southern Luzon Provinces: A) *Ascaris* sp.; B) Hookworm; C) *Trichuris* sp.; D) *Toxocara* sp. (Scale bar: 10 μm).Fig. 4

3.1. STH contamination rate of farm soils {#s0040}
-----------------------------------------

[Table 1](#t0005){ref-type="table"} shows the STH contamination rate in soils collected from Northern and Southern Luzon. Southern Luzon showed higher STH contamination (64.40%) than Northern Luzon region (31.40%). Statistical analysis revealed significant difference between the two selected areas (*p* = 0.015). [Table 1](#t0005){ref-type="table"} also summarizes the parasite contamination between organic and conventional farms. Organic farms showed higher STH contamination rate (48.30%) than conventional farms (37.67%). However, statistical analysis showed no significant difference between the two types of farms (*p* = 0.834).Table 1Contamination rate and mean density of STH recovered from organic and conventional farms in Northern and Southern Luzon Provinces.Table 1Northern LuzonSouthern LuzonOver-all contamination rate (%)Contamination Rate (%)Mean density (epg)Contamination Rate (%)Mean density (epg)Organic farms *Ascaris* sp.18.00125.561 *Hookworm/strongylid*6.67117.781 *Trichiuris* sp.6.00120.001 *Toxocara* sp.2.0012.221 *Taenia* sp.0.6712.221 Total35.24167.78148.30Conventional farms *Ascaris* sp.10.00124.441 *Hookworm/strongylid*6.00113.331 *Trichiuris* sp.5.33121.111 *Toxocara* sp.3.331--1 *Taenia* sp.0.6712.221 Total31.43164.44137.67Over-all contamination rate (%)31.4064.40

3.2. Comparison of contamination rate between depth 1 and depth 2 {#s0045}
-----------------------------------------------------------------

The extent of contamination in various soil depths was also examined in this study. Results showed that 43.0% of the soil samples from depth 1 (0--5 cm) were positive with STH eggs while 39.67% were found positive in depth 2 (6--10 cm) ([Fig. 5](#f0025){ref-type="fig"}). However, statistical analysis showed that there was no significant difference in the contamination rate between the two depths (*p* = 0.968). The mean density of eggs per gram of soil in both depths was found to be 1 egg/g soil.Fig. 5STH contamination rate in two different depths of soils from organic and conventional farms in Northern and Southern Luzon, Philippines.Fig. 5

3.3. Association between farming practices and STH contamination {#s0050}
----------------------------------------------------------------

Association between farming practices and parasite contamination in soil was also analyzed. [Table 2](#t0010){ref-type="table"} shows the summary of farming practices in selected farms in Northern and Southern Luzon. Farm practices such as type of fertilizer used (*p* = 0.017) and water sources (*p* = 0.014) showed significant relationship with parasite contamination in soil. Other factors such as use of gloves, presence of toilet inside the farm, washing of hands, deworming and presence of farm animals were also considered but showed no significant relationship with the parasite contamination rates.Table 2Farming practices in organic and conventional farms in Northern Luzon and Southern Luzon.Table 2Farming practicesNorthern Luzon (n = 14)Southern Luzon (n- = 6)*P* valueOrganicConventionalOrganicConventionalFertilizers used Animal manure75210.017[⁎](#tf0005){ref-type="table-fn"} Synthetic0212 Human excreta0000Water source Wash water (tap)66320.014[⁎](#tf0005){ref-type="table-fn"} Mountain spring1101Hygiene Toilet facilities Present32220.456 Absent4511 Using gloves Yes23210.636 No5412 Washing of hands before and after treating the soil Yes52110.472 No2522 Deworming of farmers and farm animals Yes21110.485 No5622 Farm animals in or near the farm Present62320.102 Absent1501[^1]

4. Discussion {#s0055}
=============

In the present study, *Ascaris* spp., *Trichuris* spp., *Toxocara* spp., hookworm/strongylid, and Taeniid eggs were observed in the soils from the selected farms. Interestingly, the study of [@bb0095] reported the presence of the same parasites in vegetables harvested from the same study sites. Through molecular analysis, parasites were identified as *Ancylostoma ceylanicum*, *Ascaris suum*, *Toxocara canis*, *T*. *cati*. and *Trichiuris trichiura*. *A*. *ceylanicum*, and *T*. *canis* originate from dogs, *T*. *cati* from cats, *A*. *suum* from pigs, and *T*. *trichiura* from humans.

Parasite contamination in soils with STH eggs is not only distinct to this study but it has been reported worldwide ([@bb0120], and [@bb0060]). The presence of STH eggs in the environment is an indication of human and animal activities that involve unhygienic practices such as open defecation. STH exhibit high fecundity and requires soil for development. For instance, *Ascaris lumbricoides* and *A*. *suum* lay about 200,000 eggs daily, while *Trichuris trichiura* and *Toxocara canis* lay approximately 10,000 eggs. High fecundity is one of parasites\' strategy to increase their chance for transmission to next hosts. Moreover, most STH eggs are thick-shelled and resistant to different unfavorable conditions such as dehydration and exposure to chemicals. These characteristics of parasite eggs allow them to withstand adverse environmental conditions so they can survive longer in soil environments.

In the Philippines, recent studies have also been conducted on soil contamination with STH eggs. [@bb0045] found out that \>70.0% of the soil samples from rural villages in Southern Luzon were positive for STH eggs. Furthermore, according to [@bb0100], 31% of the soil samples in urban and rural areas in Southern Luzon were positive for STH eggs. Their results showed that *Toxocara* spp. was the most prevalent (77.0%), followed by *Ascaris* spp. (11.0%), hookworms/strongylids (7.0%) and *Trichuris* spp. (5.0%).

Meanwhile, in the present study, STH soil contamination in selected farms was found to be higher in Southern than in Northern Luzon region. The difference could be due to locations and varying altitude. Northern Luzon selected farms were 4130 ft above sea level, while the farms in Southern Luzon range from 118 to 962 ft above sea level. In the study of [@bb0010], it was reported that as the altitude increases, the number of parasites decreases. Parasites are said to be highly affected by surface temperatures and altitude ([@bb0050]). Helminths such as *Trichuris* and *Ascaris* are predominant in low altitude places. During the sampling period, Southern Luzon and Northern Luzon had average temperatures of 27.75 °C and 20.25 °C, respectively. Temperature is a contributing factor in the development of parasites in soil; a mean temperature of 31.54 ± 2.76 °C allows development of the STH ([@bb0100]. Furthermore, temperature affects the viability of eggs. Parasite eggs can be viable for ten to twelve months in tropical climates ([@bb0120]). The ability of these parasites to withstand the temperature in the soil might be a factor in having more chances of the parasites to survive and contaminate the environment.

However, the difference in contamination rate between the two provinces could be highly attributed to the differences in farming practices. In the selected sites in Northern Luzon, both organic and conventional farms are strictly being monitored by organized cooperatives. Regardless of the type of farming, there is a set of common guidelines for good farming practices. According to these guidelines, farms should: ([@bb0125]) be located far from residential areas, ([@bb0020]) have an area of at least 500m^2^, ([@bb0085]~)~ be barred with fences, and ([@bb0095]) not allow animals to roam inside the farms ([@bb0035]). On the other hand, selected farms in Southern Luzon are randomly located in the province and vary in farming practices with no strict guidelines.

This study also compared organic versus conventional farms. Organic farms showed higher STH contamination rate than conventional farms. Although not significant, the difference could be due also to different farming practices between the two types of farms. Organic farms are involved with extensive use of manure as fertilizer which could contribute to the contamination of soil with STH eggs. On the other hand, the selected conventional farms do not exclusively use synthetic fertilizer but also apply animal manure which could explain the contamination of soils. Some animals were also observed roaming in some farms. According to the interview, both conventional and organic farms in Southern Luzon and Northern Luzon use animal manure as fertilizers. However, no disclosure was made whether these fertilizers were treated to kill potential pathogens. The presence of parasites in untreated manure may increase contamination rate in soils with parasite eggs. According to [@bb0105], [@bb0110] presence of farm animals and the use of their dung for fertilizer can be a possible source of STH eggs. As observed by [@bb0060], the abundance of farm animals is directly proportional to the contamination rate of soils with STH eggs.

In terms of soil depth, this study revealed presence of STH eggs up to 10 cm depth. According to [@bb0115], a depth of 0-4 cm gives the optimum environment for STH eggs while [@bb0015] added that *T*. *trichiura* eggs survive more in shallow parts of the soil by 20--30%. Furthermore, [@bb0055] reported that the survivability of eggs is higher at increased soil depths. It was also reported that STH, such as *Ascaris* could still survive in soil as deep as 10 cm ([@bb0015]). Earthworms may also act to transport parasite eggs allowing surface soils to be carried deeper into the soils ([@bb0080]). Also, at greater depth (6-10 cm), STH eggs are protected from direct sunlight; thus, surviving in the environment for longer periods ([@bb0100]).

Results revealed that the type of fertilizer used (manure or synthetic) and water sources (tap wash water or mountain spring) have showed significant contribution to STH contamination in farm soils. Agricultural practices such as the use of raw manure as fertilizer contribute to soil contamination with STH parasites ([@bb0005]). Piggeries whose runoffs may also contribute to contamination of STH eggs in farm soils were observed to be in proximity to some of the selected farms. Moreover, pig manure was observed to be an additional component in the fertilizers in some selected farms; although some farmers practice vermicomposting. None of the farms was reported to use human excreta as fertilizer. The study of [@bb0075], stated that the use of pig bedding for compost and the location of pigpens near farms may serve as additional sources of human infection and may also contribute to soil contamination. Aside from fertilizers, wash water showed significant relationship with the presence of parasites. During the sampling period, it was observed that farmers handle farm animals and collect animal manure without gloves or any protective suits. In addition, some farmers usually wash their hands in water tanks which are also used to water their crops. This unhygienic practice could increase the contamination of farm soils including crops and animals in the area. The study of [@bb0030] in Turkey also found vegetables, fruits, soil, and water used in the farms to be contaminated with parasites.

Agriculture is one of the major sources of livelihood in the Philippines. However, the findings of the present study revealing the occurrence of STH in soil farms pose threat to public health. In fact, this study reinforced the recent findings of [@bb0095] regarding the parasite contamination of vegetables collected from the same sites. Most of the helminths found in this study were zoonotic parasites that are potentially capable of infecting humans. Some of the current farm practices by both conventional and organic farms, such as use of untreated manure and contaminated wash water, greatly pose threats for further parasite transmission to humans, animals and the environment. Consumers of farm produce may also be at risk of infection.

Agricultural systems, both conventional and organic farming, embrace the idea of sustainable approach for agricultural production. It aims to maintain and increase the soil fertility to ensure a healthy environment. However, based on the findings of the current study, there is a need to review some of the guidelines on farming systems to ensure that not only the integrity of the environment but also the health of the farmers and consumers are being addressed.

For further studies, it is recommended to extend the study using other environmental samples such as water and fertilizers to further identify other sources of contamination. Other water-borne parasites may also be evaluated. In addition, participatory rural appraisals should be encouraged to enable local people to enhance and analyze their knowledge on good farming practices. Finally, the information gathered in this study can be used to create awareness and action plans to improve farming practices to ensure food safety.
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[^1]: Significant at *p* ≤ 0.05.
